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Abstract — DNA from pseudoscorpions for molecular analysis is typically purified using commercial DNA extraction 
kits. Limitations of these kits include relatively high cost, long examination times, and low DNA yields because of 
the small body size of pseudoscorpions. Here, we propose a new DNA extraction protocol using isolated single 
pseudoscorpion appendage. This protocol has several advantages over commercial kits: DNA extraction can be per¬ 
formed rapidly and at a low cost, and the specimens can be used for molecular analysis and then further processed for 
slide preparation and morphological analysis. In this study, we isolated total genomic DNA from individual pedipalps 
of two species of small-sized pseudoscorpions belonging to two different suborders, Mundochthonius japonicus 
(Epiocheirata) and Microbisium pygmaeum (locheirata). The results indicate that this new protocol could be used to 
determine the partial sequence of the mitochondrial DNA COI region. 

Key words — Microbisium pygmaeum, mtDNA COI region, Mundochthonius japonicus, pseudoscorpion, simple 
DNA extraction 
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^1. DNAtttti;5'ffifciO'{®fflSI5f4. 

Table 1. Body parts and methods used for DNA extraetion in previous studies. 


7felf5ff9S 


-ffm^tzimmLfz^y v 

Wilcox et al. (1997) 

T-m 

2x CTAB 

Zeh et al. (2003) 


2x CTAB 

Moulds et al. (2007) 

p-m 

Puregene DNA Purification Kit (Qiagen) 

Murienne et al. (2008) 


DNeasy Blood & Tissue Kit (Qiagen) 

Pfeiler et al. (2009) 


DNeasy Blood & Tissue Kit (Qiagen) 

Ovchinnikov & Masta (2012) 

1 $ 

DNeasy Blood & Tissue Kit (Qiagen) 

Zeh et al. (2012) 

T^0)5 

gDNA Micro Tissue Kit (Life Technologies) 

Harrison et al. (2014) 


Puregene DNA Purification Kit (Qiagen) 

Harvey et al. (2016) 

MK 1 $ 

DNeasy Blood & Tissue Kit (Qiagen) 

Ohira et al. (2016) 

MK 1 



t} ^ ^ Garypus japonicus Beier 1952, d' V — A 

Garypus sp., 'i V 'O il y' V y ^ ^ Mundochtho- 
nius itohi Sakayori 2009, Mundochthonius S ® ^ ffi Mun- 
dochthonius sp. ffl ^ h => > V T ') T DNA COI 

lt4a69f^;6s'gg$nTl'SO<?^T'*-5 
(Niikura 2014, unpublished; Ohira et al. 2016). ;b — A v' g 
O DNAPtiffilH'fT-ab *9, * - 

DNA»W, 

(OW^, iiEil^2^®®}^iigi!6TBST'*-5 (Pleijel et al. 
2008). lb® DNA fitijttHii'C' 

S) o fztzd), /jNi:lfiil£|l|!^iC)o ® T (±i'f+®;'i:g|55)'*^' 
DNA$n, 

^c. ja^pT'iift:rtffllSoi§tbi-i -3 
T DNA L, DNA titties' 

(|?yx.(i, Porco et al. 2010; Aoyama et al. 
2015), Lti^Ltltt^h, tJ 

T 4o b Dashdamirov 2012), JiizE Ltz<k o 

t/-cu#® 

5)'IR)*)^®Mit L^f#ilTS)M®ffffii-4o®T(±, @i®7° 
1 ^^'°7 - h t ®®M7M®t /s -S fc®, if 
moy° 1^^'°7- b^3fAb5ft®95'i4i-SiJ^Tl^K® ^5®^ 

'S^^'C'^b'S. i2.yT,b®i2i^^b, iSi^® — A ■> 

®T DNAfitb^-fT®, ji4®g^c^:®l:bl^iCS<^:^c^:'i^ 

iblT® S (Murienne et al. 2008; 
Ovchinnikov & Masta 2012; Harrison et al. 2014; Harvey et al. 
2016; Ohira et al. 2016). 

*-A DNAf4tt4^-fToT®.5W^®^< (i, 

Qiagen ih® DNA llftjfffl + 7 h (DNeasy Blood & Tissue 
Kit ■p Centra Puregene DNA Purification Kit, Qiagen) P 
Life Technologies ih® DNA @?|ffffl + 7 b (ChargeSwitch 
gDNA Micro Tissue Kit, Life Technologies) 


-5 (Wilcox et al. 1997; Zeh et al. 2003, 2012; Moulds et al. 
2007; Murienne et al. 2008; Pfeiler et al. 2009; Ovchinnikov & 
Masta 2012; Harrison et al. 2014; Harvey et al. 2016, l). 

cnb®+7 DNAttttKi, => X b 

I'pMMfMlcio If 6 DNA ®mWi:fi^^®.'#,Tr, 
ji{b^tlT®-5 i td;l'®ii®. PJ^K', DNeasy Blood & 
Tissue Kit (Qiagen) i ®iiJ]'^'C'fJ.^ $ tlT ®-S^fF® 
5b -S DNA 141)1+ 7 b T-tisb -S i®®, 1 + 77®b5b/c 0 
$(1430 (2016^4)! 8 BUffi), ^1^® 

+ 7 7VP*^b DNA ^f4til+-5|^{cii7f;p]t TriS. b 
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i§til0 7°n-fe7 7£Q"e))d>f,f < th 1-3 0, 

Hf y7®b®HiC<L oT(±+-^'f- + T b Tr®i§ftf*^':^® b 
tl-S (Murienne et al. 2008; Harvey et al. 2016). 

* - A -ySI® l,il L ^^ilf)f7®®ffFffi{i; ® 
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$nf#5. btifc^LT, ±KE®j;9i-f*rtiaii®i§tiii- 

*-A-7i|ODNAf4tb7° 

n-LX(C)o®T, 1) #)SK 1 C t, 2) 

3) fflfa-esbSbi, ^■iii/-c-r95''aj^if 
fc (C m ^ L/c . (- Ohira et al. (2016) 

Mundochthonius S® £7 — A L L T ® -5 t) ® 

®, Ohira etal. (2016) + 

®f[lKE£)^'(f$tiT®-s®Z).'e5b 0, f^#±®-+'T 7 b^T^; 

ij+(icl;'(c(iMyrbT ltI®. iz .(±, 
M4’ § ® g (CM-r ^ /JnMS(C, Sit^®gipfB4’ 
DNA - 3 - X ^ y S 5 b 3 y K 9 T 

DNA O COI ® DNA fF#± ® + T 7 

b ^2F:;5‘'S® o i ^ rMSi^ + L fz. 

m • 

t! -.uyWliX^ i 2agiC $ tl -5 (Harvey 1992, 
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2013). --t^v 

il y' V 'y ^ ;0 — A -y Mundochthonius japonicus Chamberlin 
1929 ('yf-^-A-y^g : 

^ il — -U y Microbisium pygmaeum (Ellingsen 1907) (77 — 

A'>®g : ^TrT; —A->f4) fif# 

0.8-1.2 mm, 1.2-1.5 mm ©/J'-SS'Csb 

S ({feR • S^2015). -* yT; 7'h-y f-T; - A-Xi 2012 
5 23 B icIM^agaMtraiWT'S* L 7c 3 is#:, 

■5^ t" 3 4- 77 - A -Xi 2012 7 )! 1 B 

111^472^* L fz 5 L fz. ±*(477 ^ A -> 

SlTrab-SIt^ati, (±-51'') 

X 7 7’'i44 7 71/7'' 7 LTS 

®L, lifix 7 7-71/T'|£|±L7 c 04., 4°C'e®i¥L7c. 

DNA MDf tt, 7 7°71/4 LTi;^ 

*L7c. MK±iiS114$ES11 

OfH^TrfflirLfc (0 1). IStf-ii, 7y7"XT-y*--K 
7i/±fjii±s± (asa^S'iSti, B±±*®)ti^±ii 
(2007) (ci^L®), 4L<iiESfflOiS ()l = 0.20mm, 
S:$=39mm, NEO ± X M, ±±) 

®. 'tOirb/cMKtt DNASft)fffl®ii(M4 LT|ifii7 7 - 
71/icAnT 4°c -e{^i¥L7c. MKi4()1-®gDf4tiMK4 0 
4 7c(iik(Sic±±T7°y/'°5- 
f4KL, S®^£ic(^*L7c. flio, ±W^72ffi*L7c± 
T®g±(±, (sS±±^'C|SgLT®-S. 


DNAttai 

±m®-7 y7°7l/icis DNAPtlf±DJtb4± 
S 7c® iC, Montero-Pau et al. (2008) 45i ± Suyama (2011) 
®±i4±tE*L7c. i:nf>®±i4(4, S)i!)7°7 y7 b y® 



|S| 1. — 4^ y 7; 7 h 7 i 7; — A -y Mundochthonius 

7apowc«5 Chamberlin, ±±t4±li7)^ b±® L 7cMK. Xi — 
71/(4 1 mm. 

Fig. 1. Mundochthonius japonicus Chamberlin, pedipalp sepa¬ 
rated from the body in the upper left. Scale = 1 mm. 


I47)'')>® DNAi?|lf±oItb4 L7ct)®'e*S. 
Ctlb®Ai®®#®t4, DNA Ofi±i§'®±^-® 11 PCR 
±ili®ftSliDNAi§ig4 LT($ffl±S7c®, DNA ®fl± 
±±< 74 < ±C 4±±i S±icS)S. DNA ER#77 7 A ■>f> 
x7 7 -7l/±®^±fl|®S DNAf4±±i472(4, 
ig®7ifS72 DNA ®IMA7)^'± l: S 7c®, c n±5c±(c0iK 
±S C 4±-C-i7A®. ^07c®, DNA ER#77 y A^x 7 
7 -7b±®^^|H,^S DNAfi±A'i®i4, DNA^J^Oi^ 
Ti^'K b 4 l S 14± C" < WimU ^ y 7°7l/± b ® DNA f4 

±(C(4ii$ 741^. LTl^LTfAb, Suyama (2011) ®±i4 
T'abtKi, ±74®if y7°7i/ (I fiD)±^)ti± 

.S®) ± bfi± L fz DNA 7? 4 PCR 0 , 

V7l/f-7°y ■/ 7 X PCR ■7 4’ 7 n-b-f- y 4 bit 

lA±JS®ialA±Mi±±t)^tb'C''4) S (|?y±(4, Matsuki et 
al. 2008). L/c±oT, * - a- yHtD^^KcD i 9 (c^l^® 
IfflSS b tthS 4 : tl T ® S g|5(4 "C' * 4l (i, DNA fi ± i§'® ^ 
^IRL, 4 PCRi^i|iiiCib(g74 DNAM±)#S C 

S. 

tt±i§?g(4 Suyama (2011) ±##iC L, 0.01 M Tris-HCl 
(pH 8.0), 0.01 M EDTA (pH 8.O), 0.01% SDS (- y i X 
X - y), 0.1 g/1 Proteinase K (TaKaRa) (cfi® L tz. t fz 
iiK®5^#i-(4, Montero-Pau et al. (2008) ®A'-;®^{i>li 
L, ■7 4’ 7 D h°y b i 'y L fz. Montero-Pau et 

al. (2008) (4i'y 7°±i®i LT® S*4 ±W^® 

i y 7° (4, r 4" t"X h°/^ .y b i y 7° 1-503Y (0 2A) 
^ JDI L fc O ® 7c. t -f 0.2 ml f- - 7"(cMSl^ 

A® i y 7°^M LjAA, i .3- — X'lgpliTri y 7°7'ciiS^fEp L 

ffi(f7c. i®|i:, iy7°5feffi±i^-7'')ggD(Cflf3L#()-74 
iy7°5fejg±±<^®$-l4-7c (0 

2C). 

tOBrL^ciiK^, ■7 4’7Dh°/4.yb^^®-t|tEA7 7- 
7i/®®t¥i§iS4 4 ()i-®;®i4±, icS^A® PCR f-3-- 
7'icf^L7c. PCR i 3. - 7''(ca L7c|i:, x/f 7 a 

t°^y b±fl|®T±±74x7 7-7b±l5(b)|^®7c. i®|i:, 
PCR i 3 - 7'®i±c±|li()-, Tf-xyUb/f 7 7 -±*® 
Ti 7 7-7P^55±ic^S$±7c (55°C10 53-). 
A-yT®Si3-7"icfi±?§?g^ l.OpB^sjDLfcfi;, MK 
±tt±i§?S4ig^$-l4747)5bi 3 - 7''Jgli/\f^|l|$±, W. 

i y 7° 4 i 3 - 7'IS® 4 ® J; 7 (C L T, 

® < oA®5^±ic74Si725^pf^L7c. f4±i§ift± 2.0 pi it 
SD L, 56°C 60 5)''C'K±'4: 74 fz'i^, 95°C 10 5}72 Proteinase 
K ^AS4:-14/'C. fi±i§'®® 7 ■& 1.0 pi ± TE /f y 7 r - 
72 10(g(C#|RL, PCRStiSlCl^* L/C. f4±i§ift/4 btf' 
(c#|RL/cf4±i§?g®^b) (i-30°c yi-f^ULfz. 

PCR (CiS DNAi^i|i4(M#iE?iJ®;*:S 

±f5®A'-i®'Cl#btl/'cfi±!K5±ftSy4 L, ®iti®(i¥W 
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112. ^ n h°-<.y h^yT", 1 rami' IBffi. A, SDliu ® T-f h" X • t°-<y h f-'y 7° I-503Y (A’ttA$feSg|5 

©Sill) : B, 'y h f- 'y 7° (B’tt B 7feSS|5®fi£ill) : C, jDHt®T-l' t'X • y h-f y 7° I-503Y (5fe 

: D, SDlft®f1il®t“-^.y hf^.y;/ o fc, ^ ^ 

i®). A’i B’Cfe(j'5li®llfe^'f-(iS7-i'7 n h°-<'y h f-'y 7°®i-fl^7K'#'. T-f t'X • h°^>y hf- y7°I-503YttT-^''°- 
B J: ij 1)^^®. 

Fig. 2. Micropipette tips used for homogenization; the baekground is a graph paper with a 1 mm seale. A, normal Ibis mieropipette tip 
I-503Y (A’, magnified view of the tip of A); B, another normal mieropipette tip (B’, magnified view of the tip of B); C, Ibis mieropipette 
tip I-503Y with eurved tip, whieh is suitable for homogenization; D, another mieropipette with bent tip, whieh is not suitable for homog¬ 
enization. Vertieal bars in A’ and B’ indieate the outer diameter of tip of eaeh mieropipette tip. The outer diameter of the tip of the Ibis 
mieropipette is more slender than that of mieropipette B. 


DNA '-<--7-^4 y 6 i h x y k 9 r 

DNA O COI S, Folmer et al. (1994) Ox-- 

ys_H^;iy . y 5 ^ V- (LCO1490; 5’-GGTCAACAAATCA- 
TAAAGATATTGG-3’, HC02198; 5’-TAAACTTCAGGGTG 
ACCAAAAAATCA-3’) ® T PCR KJE^-fT ^Taq 
4“° 'J y 7 —If {± Qiagen Multiplex PCR Kit (Qiagen) 
fz. RISM 8 pi IZ, MSI DNA ^ 0.8 pi, #7° 7 4’ -7 - 
^ 0.2 pM, Qiagen Multiplex PCR Master Mix (Qiagen) ^ 
4.0nl^tjJ:7lzmSLfz. fm«tt95°C 

15 94°C 30 r - - ') y r 51°C l 5)- 30 

l)>, 72°C \ 35^ 4 ^7 )ViJ^fz'^, 

^ 60°C 3Q9ftLtz. KlEItTfi;, PCR 9 "F, 1.0 pi 

^ 1.5% T f?" n - X Y (Agarose L03, TaKaRa) ^ffl ® T 

M%mWlL, L tz. L fz pcR 

iCo ® T (i, illustra ExoStar (GE Healthcare UK) ® T 

h y-syy.momsitLzm 

L fz. it ABI BigDye Terminator 

Cycle Sequencing Kit ver. 3.1 (Applied Biosystems) 'ey — 
S y 7 ^ tz'i^, ABI PRISUM 3130 Genetic 

Analyzer (Applied Biosystems) L/c. 

I# G tl/■; (Sit) X — E it Finch T'V (http://www.geospiza. 
com/finchtv/) ^ ® T T -E y 7®F ^ ®, GenBank ti^ G 

BLASH^^ (NCBI; Altschul et al. 1997) £ 


t ±^aE?ij®*ifHS® ^ tz. 

Ir ^ 

yX'7Xy • -- 

mmm<omit, DNAf4til^c(^ffiL7c®#)lK®^^^3]iT 
ti^x t ^tzofte 
—It, m&Xi^Wfizit^yXy V(D{^mk>U.?)-tzt>K 
^'effl®7c/My®77-A yfl®!#^, #^®#)iK®.^^- 
G t itSMx$)io, if+®—G 

& ^ tz. 

DNAfitb®7ci!6{C#SK^5^#-r-5 7^'y 7°(i, T T h" 
X • h°-<.y h f-'y 7°I-503Y;)5'g^3iiLT®7c (0 2A, A’). 
5feffig|5®<?^^-ytL< (JDX-Gi t"X • U-^.y hXy 

7° I-503Y X>^tltzR.X$) 6. T T t"X • t°^y h X y 7° 
1-503Y JG()^®#a .y VX y 7° (0 2B, B’) ®{g)i h 

U^fzt)^, •enGtijDlBt{ilfjftlffi*iSGi;)s'*0, WM 
izmLtzW7iti^9mm>^i]wiit^et.i7mwxh-ofz (0 
2D), t/c, —lik^tl'7\)7.9)\^XyX (JtO/J^gmffl® 
X y 7°, flJXtf QSP 114 ft t') ®X*^'5fe5SSD(±lffl®*^', 

a it 
tz. 
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ms. DNA Lfc PCR PCR -7 --fe h LCO1490-HCO2198 

(Folmer et al. 1994) M, 4 X'v — ti — (lOO bp 5 J 1-3, —'4ytiy' b '7 ^ — A •> Mundochthonius 

Japonicus Chamberlin i 4-8, ^ t" 3 y ;b — A A Microbisium pygmaeum (Ellingsen). 

Fig. 3. Agarose gel electrophoresis of PCR products for the COI gene region from DNA extracted using our method; PCR was performed 
using the primers LCO1490-HCO2198 (Folmer et al. 1994). M, molecular marker; 1-3, Mundochthonius japonicus Chamberlin; 4-8, 
Microbisium pygmaeum (Ellingsen). bp = base pair. 


^ 2. PCR i Cb' BLAST 

Table 2. Result of PCR amplification and homology search (BLAST) on GenBank. 



PCR ±Mtefi£as^ 

SA ID 

T^-b'y ya y 

O 

o7ciBA (BLAST )^*) 

fl 



54«S 

7(^ -b 7 y a 

—ia^(%) 

— y 7" h y A-1! — 


100 





Mundochthonius japonicus 
Chamberlin — Ay^g] 

3 / 3 

101 

102 

AB855647 

Tyrannochthonius sp. 

JN018174 

80 

f- b" 7 ^ ;6 — A y 

Microbisium pygmaeum 
(Ellingsen) 

[;6 — A y;®g] 


125 

129 

AB855648 

Microbisium sp. 

KM835843 

89 

5 / 5 

126 

128 

AB855649 

Microbisium sp. 

KM835843 

90 


127 

LC147076 

Microbisium sp. 

KM835843 

89 


— fr' y 7" h 'y ;b — A -> 3 J; Cf' t" 3 )r * — A 

■y 5 5 b 3 y K 'J T DNA O COI 

It -5 PCR htl (ms), 

'^k>^V]Ltz (g2). -fr'y* 7' b y - A ytcob' 
Ttt 616 bp 3 

—-CS) o tz. T" t"3 - A -XCob'Ttt 563 bp 

o n, 5 {@f*o 3 L fz. 

S® 4-15 ±^K)${il4ol''T±^KS 

BLAST -fr' y?) 7" b - A-Xi, 1^ 

\j"y 4 - — A -y^4l^H'^ -S Tyrannochthonius sp. O COI M 
ii, iz is If 5 i f- \zzi j-fi — a 

y ii, 3 i Microbisium sp. ® 

coiti®(cfcij--SimSE?iJi —fz (2016 
^P4i! 18 BSfilS, g2). 

£(±oci^b, 2^)5'i4{i2J;^T*-A-y||oDNA^ 


% ^ 

MKtUBri-fJli dna fiHb®/'c^6®ttK5^ 

L/'C-yd’ )7Dh°^,y bd^'y7°ii, ®-f'tl 

t)®Tr(i?)c®. 9 y ff yf-y ‘V)y{t, 7°y^N°3-b 

yf7-ici$.m^ti (B 

2007), 7 

t/'c, 7° - b 

X-ry*--b®L, |SS®W(® i"^> k> i, 

c -S®-c, 541111 ® 14;Tbd" x'(c 

{SlTiibU?^ c 5^ 

#ffl®-yd’ ^7 n h°-s .y b 7 ^ 'y 7°(i, -jT® 

,5 t) (Df)i, 7^ 'y 7°® jDICiil:® t) tS4~ -5 C i -o 

fz (I12A). t-fz, 7^-y7°®5feffi^-JDXL?)C7)^o7cJi'^tt, 
7 t mWiLfz 

MK^^'B-s.y b F4icA*)i®XXLt 7 C -tOfc 

is6, 7? — A -y H (c 4o ® T ti Montero-Pau et al. (2008) ® <1 
7 icASDl®7" 'y 7°^5^#tcbi® 5 C i 
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-S. 

SniSffigfcS-r-S-* y* 7" b yf-^-A -y, 5 " h'n 
>Tti=-i. ->oji5Sic4oi''T, /■; L/'c^iS 

^'TSI(T/s PCR ±iiH4o 4; CKiMSE^iJffl(cijgiSj L 

fz. (Us, g 2 ). 

#)SKfflttliT'f^#^, DNAfitti^'n-fexiCfc’l'T, -( 2 ^;^^ 
-f x'^s'/Jn^ I'd i i 

l'd i ^ tl-S. d tl y O d i b, A 

(C)A < -d i ' i #x. n ^. t 

/c, 4; ^ X'CZ)/J2$ I'' — 4 -' y * 7 " h 7 4^ ;^7 — A ycD^j 

il (lmm*?i) r'&-^rh, oT DNAPW 

d i^5Si;gLTl'-5 — 

IStc*-A -ylloa^JiKclgi^ 1^ 

SX'sb^TilSi^ch^^coPBl-dM/S-Sdi^i'^i;'. $ bic, 
icfc tj- ^LI'/c fe, 
ica-7'i'Ti^iioa^ii^-r s d i tinii-e* -5 

(Morikawa 1960; i&M • 2015). L ^ L, * - A -yH 

0±^KE^iJtffS*^'S® ^ tltllf, -oXh DNA ^-<'- 

x-r> y I3E#c?3:5'i4J; 

d 9 LZ-cPpISoPi^O^f^Pini-S d 
2p:55'Sti, 7fe^fW^^i;fc^tS*-A yH© DNApitbl;; 
© b fLT t fc—DNA fittl + '2 \'t iW. L fcli^, 
DNA fi til (CL fcIS^ (C o © T (i|SI5: i-'d S) S. 
—DNAi?|jf^-if Tris- 

HCl (pH 8.0) i EDTA (pH 8.0) ^IgigH L/-; 

iS*iiSDS (-'y 4-; y X=-y, 5,000 R/lOOml) i 

Proteinase K (TaKaRa, Siffi 20,000 Pi/5 ml) © -S. 

diabffliS^i{®fl|M(±d"< fli^^-dS) 0, i ^yy^i'&tz 
0 icS-r-Sii(^®iigffl(±$(l2 R-d^bS (2016^^4)! 18 
HiSffi). fuitEL/'c DNeasy Blood & Tissue Kit (l 11" y 7° 
2P/b/'cOI(j430 Pi) |(J 1/200 ©Mi/id, 

iblXli(l$iiEi(i Centra Puregene Tissue Kit (l y7°2kS)/'C 
0$(ll20Pi) ibb^Ti, |(J 1/60 fflgfli'd DNA 

—/5-d, LTSffiiC DNAfi 

Htl^if 9 i)#K^tiT©-5. 

Casquet et al. (2012) ti, /JnS!!© X *H© T 7 >2 n 7 X* 
liArgvrorfe^ ©i^W^-fll ©DNA ttti)/5‘i4^#S 
L T © ^i -r ^ 7- y 7° L 

/ciPd i, ?§P7°n-feX -:3 

T©-5. y7DP?§P{cS-r-SHtPaiid: 1 Btrel'd/b 

0, S^BtrHiJii±/bS®ti^-^'f-XT H OigPBfPHi^s'fi^ 
$ TlT® S DNA f4ti)+ '2 i Casquet et al. (2012) ©/S’ 
'S(Ci;b^TS©. -y-y7®k^--9--72P-4-T 7 x-(C 

4? v h S/'ftS'd.SP/'cfe, DNA X A^x 7 y - 

2p itPx ^ © /■; DNA fi tbi;; o fp# ^ T' 

ti LT©fP*M • fP^Btfai 


LfcimSli, 7--7A7-T 7 X-, PCR-?^p.- 7', 
vT7nh°-<.y P 4^ x 7°^'d/b 0, #iilJ/A is ©-dti/A ©. 
ijDAT, DNA fitbi- ttig©f#T©/iibp^ s /•;©, 

^M7-y7©k©DNAi?t)f'dfBiSiC/Sl9t>-#'©:3 yX ^ T- 
y 3 y© IJ X 7 ig/hKicirpx.^ d i^z-di §. 
S^^bMTi, L/j:©. £(±© 

d i^^b, '^BfDNAPtfl'^if ^T©-5^,|^S'd*tlii;', 
2i:/S’i®oSAti§lf'd/b S i#A btl-5. 

7 xA yU©iiliSS^jfi©T©-S Western Australian 
Museum (4" —X P x ') 7) 7(4:, — A 

'XS^®A©illX /S X — 7 L T© i> (http://museum. 

wa.gov.au/online-collections/). ApFriS A -5 ® i 

©^©iSA^ y 7-y 3 y^ffl©/'; DNAPt/f(i, ^^SI^© 
bf-', iiib^^^^ll^(c4o©T 
•5 (Cooper 1994). fljx(i', DNA '<-=1 -■T'f X 

7"*idjt^i/j:Sdi7, ^*©m^of5«^, 

7 T 7X©PBJiic*))S'S. tZ-cA/SiStt, aira±lffl)]S*i'1 
fi£(±/bTl(f DNA ©Pilr*^'^t^7/b 0 , :lA©fIii^ft 
/NSiC<i;ct;'©^dd/)47t^. ffliS, 

ig 'J X 7, ^ L 

d i *S'71 -5 i © 9 ^Ij.'^ii, tf tilt© * - 
A y ^#fe/'c/jNS!ili5S«)tiSI©i)A/4 :3 © 7 -> 3 y 
L DNA Mffr^iUS: A -tf .5 —Dj i t/j ^ d i ;)s't|5 

I« Sf 

AW^(4Xg|5i4:7:S'#SlJIK (7°n 7^ 7 h) : ilf^iicpic 
* 5 iiLTSfff::iSl:i:-#-5/-ci6®W9S*x 

®fS^) i::53A-5W9S— (iSf/p : SftDiHil^Xo y ^ 7 h) 
®—LTmtAtl/-;. ttz, AW^®^g|5t4, ttcA:Ktt- 
7 ©T tcj; SW^|/j)3g*g(4-r||tt$tl/-c. 
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